One hundred eighty-four isolates representing 23 species of mycobacteria were identified using computer-assisted analysis. All isolates were examined using a standard series of 12 biochemical tests. These tests were selected because of their reproducibility and ease of performance in the laboratory. Data from these tests were analyzed by a computer that had been previously programmed to process the information and make a species determination. Identifications from the probability model were compared to identifications from conventional methods. There was 96.7% agreement between the 2 methods. The computer-assisted data analysis for identification provides increased accuracy over conventional methods because a statistical probability is applied. It also requires less time. Differences in computer data between mycobacterial species are discussed.
The identification of medically important mycobacteria has made significant progress in the last 3 decades. During this time, identification of these microorganisms has advanced from the "pigeon hole" format of Runyon classification 7 to species identification of most members of this genus. To keep pace with this technology, investigators l5,l7 have devised numerical probability matrices to establish statistical validity between the biochemical tests utilized and individual species identified. This presentation describes the use of a computer programmed with a diagnostic matrix for mycobacteria and its use under actual diagnostic conditions found in a veterinary microbiology laboratory.
The use of the computer is not new to the microbiology laboratory. Beers and Lockhart 1 were among the first to suggest the use of the computer as a laboratory aid. Several systems have been reported in the area of general bacteriology. 4, 13 Among these have been computer assistance in the identification of soil isolates 6 and Bacillus species. l9 Feltham et a1. 3 introduced a computer-assisted method for identification of medically important bacteria, but only to genus level.
This study combines the probability matrices reported by Wayne 17 for slow-growing mycobacteria and a matrix for rapid-growing mycobacteria proposed by Tsukamura l5 into a computer program that was used as a tool to identify day-to-day mycobacterial isolates in the laboratory.
Materials and methods
Mycobacterial isolates. One hundred eighty-four isolates representing 23 species were included in this study. Species represented are summarized in Table 1 . All were isolated from clinical material or were obtained from recognized culture repositories.
Identification methods. Isolates were cultured in Dubos Tween albumin broth for 7 days at 37 C before inoculation into biochemical media.
Only biochemical tests of proven reliability and reproducibility were used in this study. Tests used are indicated in Tables 2 and 3 . All computer-identified isolates were also confirmed by conventional methods. l6 These included cellular and colonial morphology as well as biochemical identification. The tube agglutination test of Schaefer 8 was used when appropriate. Supplemental tests such as morphologic characteristics, serologic data, PAS degradation, l4 and ß-glucosidase 2 biochemical tests were used for conventional identification only and were not part of the computer identification study.
Computer programming and identification. Identification probabilities for each of the 12 tests used for slow-growing mycobacteria were obtained from the studies of Wayne et al. l7 The probability matrices for rapid-growing mycobacteria were obtained from Tsukamura 15 and other sources. 18 These data were programmed into a Hewlett-Packard 3000 computer.
Biochemical tests were assigned code numbers, which were introduced into the computer when the tests were positive. For ease of entry, if a code number was not introduced for a positive test, the test was assumed to be negative. The calculation of the probability scores is based on Bayes' theorem. The likelihood that an unknown strain is a member of From the US Department of Agriculture, Animal and Plant Health a given species is defined as the probability that a known Inspection Service, Veterinary Service, National Veterinary Services member of this same species will correlate with the unknown Laboratory, PO Box 844, Ames, IA 50010.
using the same biochemical test. 5 This likelihood is calculated Presented at the 30th Annual Meeting of the AAVLD, Salt Lake for each species by multiplying together the probabilities of the probability by the sum of probabilities for all species. All slow-growing isolates were examined using the stan-
Results
dard series of 12 biochemical tests. Rapid-growing mycobacteria were identified by 6 tests. Data from each of the tests were stored in the computer, which sorted the information on the basis of the probability matrix programmed into it and gave the result in the form of mycobacterial species with a numerical probability of accuracy. Probabilities were given as a choice of 3 species and were listed with the most probable species identification heading the list (Fig. 1 ). All isolates at the time of examination were unknown isolates identified only by a number. Isolates identified by the probability model were compared with the same isolate identified independently using conventional methods including colony and cellular morphology and serological methods.
A worksheet was prepared listing all 12 biochemical tests and their corresponding code numbers. When a given test was positive, that information was introduced into the computer. Identification of rapid-growing mycobacteria required an additional 2 tests (arabinose and arylsulfatase) and utilized a different code.
A species identification was made using the computerassisted probability method. This was compared to the identification by conventional methods for confirmation. For most species, correlation of results obtained utilizing computer analysis with results obtained by conventional methods was good ( 
Discussion
The results of this study indicate that computer analysis of data using a probability model is a useful tool in identifying mycobacteria. The major advantage of the procedure is the assignment of a numerical probability of accuracy to a given identification. This gives laboratory personnel an increased confidence in the Table 3 . Biochemical and growth tests utilized for rapid-growing mycobacteria.
1. Pigmentation 2. Arysulfatase (7 days) 3. Nitrate reduction 4. Tolerance to 5% NaCl 5. Arabinose assimilation 6. Growth at 45 C accuracy of the identification. An additional advantage noted in our laboratory was the savings in elapsed time until reporting results to the submitter. Because all biochemical tests are required to be run for an analysis to be made, a savings in time has occurred because the tests are run simultaneously and not end-to-end as done previously. Conventional identification methods require additional time to develop mature colonial morphology and to perform serological tests. This is not required for computer analysis because identification is based entirely on biochemical and growth time characteristics and does not consider morphologic or serologic data.
Identification of mycobacteria using conventional methods requires the laboratory worker to compare results with known published data to identify an unknown isolate. In many cases, the isolate may not be a perfect "fit" in regard to the published characteristics. With computer analysis, even though the isolate may not be perfectly matched to the characteristics, a probability of identification is obtained. This is better than the "educated guess" approach because computer analysis at least has a mathematical basis that the identification is correct.
The greatest disadvantage we had in performing this study was in obtaining sufficient isolates to examine, particularly those not seen often in the laboratory. With some species, such as M. malmoense and M. szulgai, sufficient numbers simply do not exist. This, of course, decreases the statistical validity of some of our results. Sufficient isolates of the more common veterinary pathogens were obtained, however, to demonstrate the usefulness of the method.
Disagreement between the computer and conventional biochemical identification methods occurred most often between related species. Of 13 M. tuberculosis isolates examined, 3 were indicated by the computer as being M. bovis. Mycobacterium avium was confused by the computer in 1 instance as M. xenopi, and M. fortuitum was thought to be M. chelonei in another case. In every instance, all misidentified isolates were taxonomically similar.
Statistically, the results of this study indicated in those species for which 30 or more isolates were examined a confidence level of at least 95%. Good cor- relation with conventional methods was also evident in most cases in which fewer than 30 isolates were examined, although additional isolates would strengthen the study. Of the 4 most common mycobacterial species encountered in the veterinary microbiology laboratory, an error rate of 2.75% was found. Lepage et al. 5 found an error rate of 4.1% in their matrix. Numerical taxonomy studies conducted by Sneath and Johnson 11 found an error rate of 2.2% on carefully planned biochemical tests.
Our experience with computer-assisted identification revealed that errors in identification may be made if biochemical test results stray too far from the norm. The poor showing of M. tuberculosis is evidence of this. As this species is closely related to M. bovis, failure of 1 or more tests would misidentify an M. tuberculosis isolate as M. bovis. This also lends credence to our philosophy of selecting biochemical tests of proven accuracy and reproducibility when constructing the computer program. The use of the conventional identification characteristics of cellular and colonial morphology and serological tests is still important to provide supplemental information.
With the development of newer, faster computer hardware, the application of this technology in the bacteriology laboratory is promising. Schindler and Schindler 9 have reported on the use of small hand-held computer units to aid in the identification of microorganisms. Many commercial companies are marketing identification kits that have computerized probability matrices at the heart of their identification methods l0, 12 Computerized methods may hold the potential for automation of many biochemical methods, with the data from a biochemical procedure automatically fed into the computer.
The National Veterinary Services Laboratories have produced computer identification methods for aerobic actinomycetes, filamentous fungi, and yeasts and found them to be very useful. Computer-assisted identification has been found to be reliable and accurate and has improved identification techniques. We feel it represents the way of the future.
